born infants were selected and neonates with history of chronic Lipoproteins in newborn plasma were isolated from a minimal sample amount (0.3 ml) by a single-step ultracentrifugation in a density gradient, spanning the density range 1.02-1.20 g/ml. After 66 h ultracentrifugation in a swinging-bucket rotor, the content of the tube was eluted and collected in 0.4 ml fractions. Cholesterol and apoproteins AI, AII, and B were assayed in each fraction yielding both the distribution and composition of the very low density lipoprotein (VLDL), low density lipoprotein (LDL), high density lipoprotein (HDL2, and HDL3). Newborn plasma was characterized by a low amount of triglyceride-poor and cholesterol ester-rich VLDL and high content of HDLz and HDL3. The VLDL and LDL concentrations increased drastically between 0 and 7 days together with the triglyceride content of the VLDL.
The investigation of plasma lipoprotein profiles in newborns is mostly limited by the available volume of the samples. Conventional isolation techniques, by sequential ultracent;ifugation, for VLDL, LDL, HDL and their subfractions require 5 ml plasma whereas only 1-2 ml blood can easily be drawn by venapuncture in newborns. Recently, Nillson et al. (10) have adapted the singlespin ultracentrifugation procedure, previously described by Foreman et al. (5) , to the analysis of 200-1000 p1 plasma. We have applied this procedure to the quantitation of the lipoprotein profiles in newborns at 0, 7 and 30 days in order to obtain the compositional analysis of the various lipoprotein fractions. As previously shown (17, 18 ) the lipoprotein patterns in newborns are profoundly modified during the first month of life when several synthetic and catabolic pathways are developing.
The single-spin ultracentrifugation procedure enables further investigation of these metabolic events and of their impact on the plasma lipoprotein distribution and composition.
maternal-foetal problems such as diabetes or hypeiension were not included in the study. All infants were born after uneventful delivery. All subjects were investigated after informed consent had been obtained from their parents. A blood sample was obtained, immediately after delivery and clamping of the umbilical cord, from the umbilical vein. Blood samples at 7 and 30 days were drawn by venapuncture after 7 h fasting. Blood was allowed to clot at room temperature for about 30 min and the serum separated at 4°C at 10,000 rpm. Serum samples were stored at 4OC in the presence of 0.05% EDTA pH 7 for maximum 5 days.
Density gradient ultracentrifugation. The single-spin density ultracentrifugation was based on the method proposed by Nillson et al. (lo), using a slightly modiiied gradient for a better separation of the HDL subclasses.
As neonates have low serum lipid and lipoprotein values (3), 0.5 ml serum was used for the 0 and 7 days samples while 0.3 ml samples were spun at 30 days.
The ultracentrifugal runs were carried out in an International IEC B.60 ultracentrifuge, using a SB 283 swinging-bucket rotor, in cellulose nitrate tubes with a capacity of 12.5 ml.
The gradients were prepared as follows: 500 mg sucrose was weighed on the bottom of the tube; on top of this salt solutions were layered in the following sequence: 5 ml of 4 M NaC1, 0.5 ml serum, and 6.4 ml of a 0.67 M NaCl solution containing 0.05% EDTA. Each discontinuous gradient was centrifuged at 10°C for 66 h at 39,000 rpm. After the run, the gradient was eluted from the top layer by means of a Buchler Auto-Densi-flow I1 (Buchler Instruments Searle Analytic Inc. Fort-Lee NJ) coupled to a peristaltic pump operating at a flow rate of 0.5 ml/min. The effluent was monitored at 280 nrn with a Pye-Unicam spectrophotometer equipped with a 8 p1 flow-through cell and 0.45 ml fractions were collected.
Identical gradients were constructed for determining the density profile in which 0.5 ml of a 4 M NaCl solution (d = 1.15 g/ml) containing 5% albumin was used instead of a serum sample. The density of the salt gradient was measured by refractometry, after calibration by picnometry.
Chemical analysis of the lipoprotein fractions. In order to obtain the complete apoprotein and lipid profiles in the newborn sera, the apoproteins A1 and A11 were assayed in the HDL fraction and apoprotein B was assayed in the VLDL and LDL peaks. These analyses were performed by immunonephelometry (14) (15) (16) and necessitated only 50 pl of each fraction. The inter and intraassay coefficients of variations for the apoprotein assays amount to respectively, 6 and 7%, for all apoproteins (14) (15) (16) . Cholesterol was assayed using a fluorimetric technique described for the cholesterol quantitation in cultured cells (6) , which was adapted to lipoprotein cholesterol assay. The precision of this technique MATERIALS AND METHODS amounts to 4%.
The lipid composition of each lipoprotein class was quantitated Newborn sera. Blood samples were obtained from male ( n = 5) after combining the fractions from each lipoprotein peak. Free and female ( n = 5) infants at 0, 7 and 30 days. Only full-term and esterified cholesterol, triglycerides, fatty acids, and phospho-lipids were assayed by thin layer chromatography with flameionization detection on the Iatroscan TH 10 (Iatron Lab.) using 1-octadecanol as an internal standard (19) . Before extraction with chloroform-methanol (2/1, v/v), the fractions were washed with 0.2% CaC12. Total and HDL cholesterol in the serum samples were assayed enzymatically (9, 11) and apoproteins AI, AII, and B by irnmunonephelometry (14) (15) (16) to check on the recovery of the fractions.
Measurement of the fluidity of the lipoprotein lipids. The fluidity of the lipids in VLDL, LDL and HDLz was measured by fluorescence polarization on a Elscint microviscosimeter after labeling with the lipophilic probe diphenyl hexatriene (12) . The polarization ratio was measured as a function of temperature between 15-45°C to detect any phase transition in the lipid phase. Measurements were also carried out on a triglyceride dispersion (triolein), on an aqueous dispersion of cholesterol oleate and cholesterol oleate-triglycerides mixtures prepared by sonication of 400 pg lipid in 3 ml Tris-HC1 buffer 0.01 M, pH 8.1 for 30 min using a Branson sonifier (13) .
RESULTS

Lipoproteinprojiles in newborns.
The absorbance profile and the density gradient corresponding to the ultracentrifugal run of a cord-blood sample are shown on Figure 1 . The first peak detected between tubes 1 and 3 corresponds to the VLDL fraction with a density less than 1.030 g/ml. The LDL region between tubes 4 and 10 has a maximum at a density of 1.044 g/ml. The HDL region could be separated in HDL2, and H D L z~, according the classification of Blanche et al. (2) with densities of 1.076 and 1.092 g/ml and HDL3, and HDL~I, with respective densities of 1.120 and 1.142 g/ml. A VHDL fraction contaminated with albumin was collected at a density of 1.165 g/ml. The corresponding protein and cholesterol profdes in newborns at 0, 7 and 30 days are depicted in Figures 2-4 . Three representative patterns in breast-fed infants were selected: infant 1 (Fig. 2) had low VLDL, low LDL and high HDL at birth. VLDL and LDL increased at 7 days, and VLDL subsequently decreased at 30 days whereas LDL and HDL concentrations remained constant. Infant 2 (Fig. 3) had elevated VLDL concentration at birth, which normalized between 0 and 30 days. Infant 3 (Fig. 4) had an elevated LDL concentration from birth until 30 days.
The heterogeneity of the lipoprotein profiles in the infants is very pronounced. The percentages of VLDL, LDL, HDLz and HDL3 vary not only with age but also very strongly among neonates born under normal conditions. The distribution of the HDL subclasses, HDLz and H D L is also very heterogeneous.
Lipoprotein concentrations in newborn plasma. The proportion of lipid and protein in the various lipoprotein fractions does not vary significantly between 0 and 30 days. The cholesterol/protein ratio in HDL amounts to 0.4 and is similar to the value measured in adults, using the same technique. The cholesterol/apo B ratio is significantly lower both in VLDL and LDL amounting to respectively 1.2 compared to 1.4 and 0.9 compared to 1.1.
The lipid distribution in the various lipoproteins, summarized in Table 2 , shows that the lipid composition of LDL and HDL remains constant between 0 and 30 days. These values are well comparable to those measured in adults.
As shown on Fig. 5 the lipid fluidity in LDL and HDL2 varies little with the age of the infants and is close to that of adults.
In VLDL, however, the cholesterol ester/triglyceride ratio strongly varies between birth and 30 days. Cord-blood VLDL contains as much cholesterol esters as triglycerides whereas the triglyceride/cholesterol ester ratio increases at 7 and 30 days to a value close to that of adults (12) . These compositional variations are clearly reflected in the variations of the fluidity of the VLDL lipids. The fluorescence polarization ratio, which is inversely proportional to the lipid fluidity, is higher at birth than at 7 and 30 days.
This parameter is strongly dependent on the triglycerides to cholesterol ester content of the particles (12) . This is further illustrated in Fig. 6 , where P is plotted as a function of the cholesterol esters/triglyceride ratio for both infant VLDL and cholesterol oleate-triolein dispersions. The P values of VLDL are DISCUSSION higher than in the pure lipid dispersions due to the contribution of phospholipids and apoproteins (13), but show a similar depenIn previous studies we followed the evolution of the plasma apo dence on the lipid composition, both in infants and adults.
AI, AII, and B proteins during the first month of life together with the HDL and LDL + VLDL cholesterol (17, 18). The influence of month of life. Using isopycnic ultracentrifugation we could isolate the fatty acid content of the diet could also be evaluated (5 LDL does not match completely between 0 and 7 days, as we observe a proportionally higher increase of VLDL than LDL during this period. The VLDL accumulation, that does disappear at 30 days might be due to a defective activity of the lipoprotein lipase, mediating the interconversion of VLDL to LDL.
Except in infants born under perinatal stress, VLDL are mostly low at birth and a drastic increase of both VLDL and LDL is observed between 0 and 7 days. During this period the HDL concentration as well as the HDLz/HDL3 ratio remain constant. The percentage of HDLz in newborns is signscantly higher than in adults, especially in men (8) . Significant compositional changes occur in the lipoproteins present in the d < 1.025 g/ml peak, within the 7 first days of life. At birth the particles are rich in cholesterol esters and relatively poor in triglycerides whereas the triglyceride content at 7 days exceeds that of the particles at 30 days.
In a recent paper Davis and Forte (4) reported the isolation and characterization of intermediate density and low density lipoproteins, showing an enrichment of the IDL fraction in total cholesterol and phospholipids. In our study the lipoprotein separation by isopycnic ultracentrifugation did not enable the differentiation between VLDL and IDL present in the d < 1.025 g/ml peak whereas HDLz and HDL3 could be resolved. The compositional changes observed in the VLDL peak might therefore be interpreted in terms of a modification of the relative proportion of VLDL and IDL between birth and 30 days. At birth the d < 1.025 g/ml peak would consist mostly of cholesterol esters-rich IDL, in agreement with the observations of Davis and Forte (4). As the 30 days compared to adult ( -) values.
VLDL concentration increases between 0 and 7 days, this peak becomes relatively enriched in VLDL. At 30 days VLDL still predominates compared to IDL, though the total concentration of the VLDL + IDL lipids has returned to its level at birth.
The composition of newborn VLDL and LDL indicate that these particles are enriched in apo B compared to the lipoproteins isolated from adult plasma (1) . In infancy most of the cholesterol carried by the lipoproteins is rapidly incorporated into the growing tissues, so that the lipid/apo B ratio is low. At maturity the lipid load of the VLDL and LDL increases as this exchange process slows down. This observation is most striking in the VLDL and LDL classes whereas the lipid/protein composition of infant HDL does not significantly differ from that reported in the adult.
Results of previous studies on the lipoprotein composition in newborn plasma yielded contradictory results (7, 20) . Carlsson et al. (3) reported that only 30% of the cord blood triglycerides is present in VLDL, in agreement with our data on the low levels of triglyceride-poor VLDL in newborns at 0 day. According to Winkler et al. (20) 40% of the phospholipids sedirnented in a d > 1.21 fraction, which was not observed in our study. These authors though agreed on the low triglyceride content of the VLDL fraction. As these analyses must be performed on microquantities of samples, technical problems can lead to erroneous results and the techniques should be carefully standardized. The single-spin ultracentrifugation is especially suited for this kind of study, given its resolution and re~roducibilitv. The studv of the i n f l u e n c e of dietary parameters dn the lipop;otein comiosition and distribution in newborn plasma, using the same techniques, is currently under progress.
